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Abstract 
The bilayer film Pt/WOx was deposited by pulsed laser ablation on a silicon carbide monocrystal plate (6H-SiC) to form an H2 
sensor for high temperature application. The study demonstrates high sensitivity of the Pt/WOx/SiC structure to a low H2 
concentration. For 0.2 H2% in air at 350ºC, the shift of voltage on the reverse branch of the current-voltage characteristic reached 
6.5 V at a current of 0.4 PA. After the high temperature interaction with H2, the sample can confine hydrogen atoms in the WOх 
layer at room temperature for a long time. The study explores the influence of operation conditions as well as the H2 action on the 
structure and electrical characteristics of the layers in the system. Phase transformation of the crystalline structure of the WOx 
film due to hydrogen penetration was detected and this process initiated pronounced electrical properties changes. 
© 2015 The Authors. Published by Elsevier B.V. 
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Introduction 
The current trend in the area of gas sensor preparation is oriented to the studies of the properties of metal–metal 
oxide–semiconductor structures Kandasamy et al. (2013), (2005), Trinchi et al. (2008), Fominski (2012). Silicon 
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carbide (SiC) as a thermally and chemically stable material with a wide band gab is increasingly used as a substrate 
for such systems. Metallic layers are formed on the basis of catalytically high-active metals from the platinum (Pt) 
group. Tungsten oxide (WOx) is often used as a gas-sensing film; its electrical and structural characteristics depend 
on the concentration of H2 in an ambient medium Hubert et al. (2011), Crandall et al. (1976), Inouye et al. (2008). 
Modification of the characteristics is related to the action of hydrogen, which dissociated on the surface of 
catalytical metal and penetrated into the WOx layer to form tungsten bronze HyWO3 Hsu et al. (2007), Pintér et al. 
(2001). Comprehensive analysis of physical processes upon exposure the Pt/WOx/SiC structure to H2-containing gas 
at high temperature presents scientific and practical interest. The study of H2 action on the structural elements of the 
Pt/WOx/SiC system followed by changes in electric characteristics of the sensor was the main task of the present 
paper.  
2. Experimental details 
The WOх films were prepared in a reactive gas (oxygen, 10 Pa) at room temperature by pulsed laser ablation of 
the W target Fominski (2012). The thickness of the metal oxide layer was 350 nm. On the surface of the WOх film, a 
thin Pt film 50 nm thick was pulsed laser deposited under vacuum conditions. The polished single crystal 6H-SiC 
was used as a semiconductor substrate. Ohmic contact was prepared previously on the backside of the SiC plate. The 
Pt/WOx/SiC structure was annealed at 500ºC in air. 
Thin-film systems were investigated by methods of scanning electron microscopy (SEM), X-ray diffraction 
(XRD), and micro-Raman spectroscopy (MRS). Applied measurements allowed to reveal structural-phase and 
morphological transformations of the system under the action of H2. The measurements of resistive and capacitive 
characteristics were conducted at temperatures between 20ºC and 350ºС in air and in H2-containing gas (0.2% ― 
2% H2 in air). As an electrical contact to Pt, the clamping needle-like graphite electrode with diameter ~ 400 Pm was 
used Fominski (2012). To investigate the system ability for charge accumulation, П-form pulses with variable 
duration (10-3 ― 3×10-2 s) and amplitude (50 mV ― 9 V) were used. The temporal variations of load voltage 
(system response) were measured. The measurement were done at forward (positive voltage on the Pt film) and 
reverse (negative voltage on the Pt film) biases. The constant bias was also used in some cases.  
3. Results and discussions 
3.1. Structure and morphology of Pt/WOx/SiC sensor 
SEM analysis of the surface of the sensor showed (Fig.1) that the Pt film coagulated in nano-scale islands with a 
typical size of 100 – 200 nm. Thin filamentous fragments connected the islands. The WOx film had a crystalline 
structure, and the boundaries of grains having submicron dimensions were clearly seen on the film surface. The 
exposure to H2 gas had no significant effect on the sample surface layer on a micrometer level.  
 
      
Fig. 1. SEM images of the surface of the prepared Pt/ WOx/SiC sample.  
The studies of the structure and phase characteristics by XRD (Fig. 2a) and MRS (Fig. 2b) showed that the 
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exposure to H2 gas resulted in the transformation of the crystalline lattice of the WOx film. The measurements were 
performed before and after the storage of the sample in the 2% H2-containing air. Monoclinic atomic lattice 
transformed into tetragonal one. The H2 induced changes in MRS spectrum appeared in broadening and shifting the 
main lines and in decreasing their intensity in the spectrum. A shift of the most intensive peak from 801 cm-1 to 807 
cm-1 was due to the shortening of W–O bonds. A possible reason was the decrease of the atomic lattice parameters 
for HyWO3 in comparison with WOx. Obviously, doping of the metal oxide layer with hydrogen took place. The rise 
of intensity of the line at 190 cm-1 also indicated doping with hydrogen Pyper et al. (2002). The decrease of peaks 
intensity in the MRS spectrum indicated the increase in the symmetry of the crystal cell for the hydrogen-containing 
compound on the basis of tungsten oxide (bronze). 
 
     a          b 
  
 
 
 
 
 
 
 
 
 
     
Fig. 2. (a) XRD and (b) MRS spectra of the Pt/WOx/SiC sample measured before and after being exposed to H2.  
3.2. Current-voltage characteristic of Pt/WOx/SiC sensor 
The stationary current-voltage characteristic (CVC) of the prepared Pt/WOx/SiC sensor had a diode character 
under all chosen measurement conditions. The currents of stationary CVC increased with the rise in temperature. 
However, the asymmetric character of CVC remained strongly pronounced even at the highest temperature. The 
reverse-bias region of CVC was approximated by exponential dependence:  
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where e – electron charge, kB – Boltzmann’s constant, T– temperature of the sample during the measurements, η – 
parameter of ideality. The best coincidence of the experimental and model curve was obtained for η ~ 20.  
  
 
 
 
 
 
 
 
 
Fig. 3. Reverse branches of the I-U characteristics measured (a) at 3500С, (b) at room temperature before and after doping with hydrogen.  
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The analysis of stationary current-voltage characteristics measured at room temperature before and after the H2 
action showed that hydrogen atoms could remain in the Pt/WOx/SiC system after cooling. The doping of the sensor 
by the hydrogen was performed at 350ºС, and then the sample was cooled in the same gas media. The hydrogen 
remained in the Pt/WOx/SiC system, and the increase of current was detected during the CVC measurements at 
room temperature (рис. 3b). The presence of hydrogen in the system after cooling was connected with the structural 
transformation in the WOx film. 
The sensor demonstrated relatively high sensitivity and reproducibility of the detected signal during a long time 
of experimental testing in H2-containing air. The change of voltage ΔU on reverse branches reached 6.5 V at current 
~0.4 PA even in mixture with a low H2 content in air (fig. 3a). High sensitivity to H2 at low currents allows us to 
consider the prepared system as a sensor device, which is designed to work at very low power in the mode of 
waiting for hydrogen to arrive. 
3.3. Capacitive characteristics of Pt/WOx/SiC system 
The amount of electric charge accumulated in the system raised after the H2 action approximately 6 times to the 
value of 15×10-9 C. Fig. 4 shows the results of the measurements of responses of the Pt/WOx/SiC system to 
rectangular pulses. The amplitude of П-pulses was 3 V. The pulse duration was 22 Ps and 70 Ps for measurements 
made without doping and after doping the sample with hydrogen, respectively. The doping was performed by 
heating with subsequent cooling the sample in H2-containing air. This characteristic was repeated in three days. 
Only after hydrogen was removed through heating the sample up to 350ºC, the system was reverted to the former 
ability to accumulate the electric charge ~2×10-9 C.  
 
 
Fig. 4. Response of the Pt/WOx/SiC system on the rectangular electric pulse before (1) and after (2) doping with hydrogen. 
The interaction of the sensor with H2-containing medium was performed at 350ºС; however, the measurements 
were made after cooling the sample to room temperature. This allowed to eliminate the influence of the temperature 
on a value of free carrier density. Thermal action on the system without H2 action had no effect on the capacitive 
characteristics. After cooling, the characteristics came back to the initial ones. Thus, namely the doping of the 
system with hydrogen induced rapid increase in its capacity. Even after three days in laboratory conditions, the 
value of the capacity remained 4 times higher than the same value before the H2 action. Thus, the hydrogen 
remained in a sufficient quantity in the layers of the system. This physical fact gives two choices for operation with 
the Pt/WOx/SiC system: firstly, as a high sensitive sensor device; secondly, as a device, which is able to store the 
information about the influence of hydrogen for a long time. 
The increase of the system capacity in 6 times in the H2-containing gas medium could be explained by the action 
of two mechanisms: 1) expanding the area of contact between the surface of the sensor and the needle-like graphite 
electrode and 2) increasing the value of dielectric permittivity of the WOx film. The increase of the contact area was 
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due to the metallization of the surface of the metal oxide. The conductive underlayer was formed due to the 
penetration of hydrogen atoms into the surface layer of the WOx film connecting separate islands of metallic Pt. An 
estimation of contact area was done using the measured value of the resistance of the Pt/WOx/SiC system. The 
measurements were performed before and after the interaction of the system with H2-containing gas medium. The 
increase of the contact area promoted the rise of the capacity up to 2 times. 
The additional increase of the capacity was due to the increase in dielectric permittivity (from 19 to 55). Such a 
sufficient change of the dielectric permittivity of the system under the H2 action can be explained by the change of 
the crystal lattice type of WOx due to doping with hydrogen atoms. The rise of the temperature up to 350ºС in air 
should also lead to the increase of film dielectric permittivity and to the phase transition of tungsten oxide 
(transformation of the lattice from monoclinic to orthorhombic) Pintér et al. (2001). However, during slow cooling 
the reversion of the lattice type to the initial one occurs. Doping the metal oxide film with hydrogen resulted in 
irreversible transformation of the structure due to the penetration of atomic hydrogen into the WOx film and to 
fixation of a new modification of the crystal lattice by the hydrogen atoms.  
4. Conclusions 
The presented studies showed that the Pt/WOx/SiC system is highly sensitive to H2 addition to air with laboratory 
humidity. It is able to effectively confine the hydrogen in the system during the cooling process due to the change of 
structure-phase characteristics of tungsten oxide. The formation of HyWO3 compound and the transformation of a 
crystal structure from a monoclinic to tetragonal one due to hydrogen penetration were detected. The increase of the 
electric capacity of the Pt/WOx/SiC system under the action of H2-containing air medium is explained by the change 
of the dielectric permittivity of the metal oxide layer and it indicates the change of the crystal lattice type of this 
layer in the Pt/WOx/SiC system.  
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